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INTRODUCTION

Klebsiella pneumoniae (KP) is a Gram-negative, lactose-
fermenting, aerobic rod-shaped bacterium (Martin & 
Bachman, 2017). It was first isolated and identified at the 

end of the 19th century and is a known common human 
pathogen since then (Martin & Bachman, 2017).

Classic KP (cKP) infection is usually hospital-acquired, 
mainly occurs in patients with impaired host defence func-
tion, and frequently causes pneumonia or urinary tract 
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Abstract
Aims: To evaluate the clinical and genetic virulence characteristics of critically 
ill patients with hypervirulent Klebsiella pneumoniae (hvKP) and classic KP (cKP) 
infection.
Methods and Results: The patients included in this retrospective study (n = 225) 
were grouped according to their hvKP (n = 114) or cKP (n = 111) status, and their 
clinical characteristics were analysed and compared. Cox multivariate analysis was 
conducted to determine the risk factors for hvKP infection. Length of hospital stay, 
length of intensive care unit stay, duration of mechanical ventilation and 28-day sur-
vival rate were similar between the groups. However, the incidence of septic shock 
was higher in the hvKP group (16.7%) than in the cKP group (8.1%).
Conclusions: There was a high rate of hvKP infection in this population. Compared 
to patients with cKP infection, those with hvKP infection showed a higher probabil-
ity of having septic shock; nevertheless, survival and length of hospital stay were sim-
ilar between the groups. Risk factors for hvKP infection included hospital-acquired 
infection and renal insufficiency.
Significance and Impact of the Study: This study presents relevant information 
on the characteristics of hvKP infection in a Chinese population, and this promotes 
early diagnosis and supports the view that the prevalence of hvKP is high in China.
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infection (Chew et al., 2017). However, a more serious hy-
pervirulent variant of KP (hvKP) can produce invasive in-
fections even in apparently healthy adults (Catalán-Nájera 
et al., 2017).

The hvKP strains have high viscosity and can be iden-
tified on an agar plate using a positive string test (Vila 
et al.,  2011). KP clinical isolates can be identified using 
pulsed-field gel electrophoresis, multi-locus sequence typ-
ing and capsular polysaccharide characterization (K typ-
ing) (Brisse et al.,  2013). The K1, and to a lesser degree 
K2, capsular serotype was first described as producing 
mucous colonies and being the most pathogenic strain af-
fecting humans (Fang et al., 2007).

However, hvKP clones with a hypermucoviscous 
phenotype and different capsular serotypes have been 
described (Cubero et al.,  2016; Zhang et al.,  2015). 
Community-acquired invasive primary liver abscess 
syndrome caused by KP was first reported in Taiwan in 
1986 (Liu et al.,  1986; Wang et al.,  1998). Patients with 
concurrent KP liver abscess (KLA) usually have no his-
tory of hepatobiliary disease. In the subsequent 30 years, 
continuous research confirmed that primary KLA was 
mainly caused by hvKP (Fang et al., 2004). In 2012, KLA 
invasive syndrome was defined as liver abscess and its as-
sociated distant infections caused by a KP infection (Siu 
et al., 2012). hvKP strains have been described worldwide, 
but they are most common in Asian countries (Cubero 
et al., 2016). Compared with cKP infection, hvKP infection 
spreads easily, shows metastasis and progresses rapidly 
(Decré et al., 2011). The lungs, central nervous system and 
eyes are the most common metastatic sites, although only 
a third of them are diagnosed on admission (Sánchez-
López et al., 2019). hvKP infections can develop into sep-
tic shock and multiple organ failure within a short time 
(Rafat et al., 2018). Complications such as meningitis and 
endophthalmitis are associated with poorer outcomes and 
high mortality rates (Sánchez-López et al., 2019). However, 
early diagnosis and treatment minimize the development 
of these complications and improve the clinical outcomes 
(Siu et al., 2012). Therefore, studies that present the clin-
ical characteristics and factors related to the virulence of 
KP infection are important in raising awareness of this 
infection and increasing the chance of an early diagnosis.

MATERIALS AND METHODS

Patients

From January 2015 to January 2019, patients with severe 
infection treated at the surgical intensive care unit (ICU) 
of Fujian Provincial Hospital were considered for inclu-
sion in this single-centre retrospective study. Patients 

were identified through the Intelligent Database platform 
(Yidu Cloud Technology Ltd.). The inclusion criteria were 
as follows: (a) patients with KP infection that was detected 
using cultures from the original smear epithelial cell se-
cretions in a <10/low power field and (b) the KP strains 
retained for analysis; if they were repeatedly isolated 
from the same patient and from the same location, only 
the first strain was retained, but all strains isolated from 
different locations of the same patient were retained. The 
patients were excluded if they: (a) were aged <16 years; 
(b) had common sputum specimens; (c) had a commu-
nity infection colonized with KP or (d) had a tuberculosis 
infection. The project was approved by the clinical scien-
tific research section of the Ethics Committee of Fujian 
Provincial Hospital (K2018-04-026). All patients signed 
an informed consent form approved by the Institutional 
Review Board.

Clinical data collection and 
examination methods

The clinical and demographical data were collected for 
all study participants. The diagnostic criteria for a pyo-
genic liver abscess were as follows: (a) The patient had 
clinical manifestations such as fever, chills, nausea, liver 
discomfort, fatigue, liver tenderness or percussion pain; 
(b) Abdominal ultrasound, computed tomography or 
magnetic resonance imaging and other imaging findings 
found a liver abscess; (c) Clinical bacteriological examina-
tion results were positive or antibiotic treatment was effec-
tive; (d) Pyogenic liver abscess confirmed by percutaneous 
liver puncture or surgical treatment and (e) Amoebic, tu-
berculous liver abscess, hepatic echinococcosis and liver 
liquefaction infarction were excluded. On the basis of 1 
and 2, a bacterial liver abscess could be diagnosed in ac-
cordance with any one or more of 3, 4 and 5.

Sampling and experimental methods

Strains were isolated from lower respiratory tract secre-
tions, blood, thoracic and abdominal drainage fluid and 
wound secretions which were collected from patients 
with severe infection.

Strain identification and drug 
susceptibility analysis

The string test was performed using an inoculating loop 
to touch a freshly cultured colony that had been grown 
overnight on an agar plate. The loop was pulled outward, 
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and if there was a mucinous filament with a traction 
length larger than 5  mm, it was judged to be a positive 
high-viscosity phenotype. The strain was identified using 
a VITEK 2 Compact automatic microbial identification 
system (BioMérieux SA). Drug sensitivity testing was car-
ried out according to CLSI M100-S27 (Wayne, PA, 2017). 
The sensitivity of the strain to piperacillin, piperacillin/
tazobactam, cefoxitin, cefazolin, ceftazidime, cefotaxime, 
cefepime, imipenem, meropenem, amikacin and cipro-
floxacin was tested; the quality control strain used was 
Escherichia coli ATCC 25922.

Statistical methods

Data were analysed using SPSS 19.0 software (IBM Corp.). 
The sensitivity, intermediation and drug resistance rate of 
bacterial strains to antimicrobial agents were calculated 
using WHONET software (World Health Organization). 
Normal distribution was tested using the Kolmogorov–
Smirnov test. Continuous variables are presented as 
means  ±  standard deviations or medians (interquar-
tile range) and compared using Student's t-test or the 
Mann–Whitney U test, as appropriate. Categorical vari-
ables are presented as numbers (percentages) and were 
compared using chi-square or Fisher's exact probability 
tests. Kaplan–Meier survival curves were used to analyse 
patient survival. Multivariate analysis was performed to 
identify factors related to hvKP infection using Cox pro-
portional hazards model.

Initially, a univariate Cox proportional hazard regres-
sion was performed, and variables with p < 0.2 in the uni-
variate analysis were included in the multivariate analysis 
(backward method). p < 0.05 was considered statistically 
significant.

RESULTS

Baseline characteristics of the patients

There were 589 cases of KP infection identified using 
microbiological culture; 225 cases of KP infection were 
included in the study, including 114 cases (50.67%) 
in the hvKP group and 111 cases (49.33%) in the cKP 
group. The baseline demographical and clinical data 
of the patients, including their treatment and progno-
sis, are shown in Table 1. The two groups had a similar 
sex ratio and mean age (p  >  0.05). All clinical evalua-
tions were similar except albumin level, which was 
lower (p = 0.003), procalcitonin level, which was higher 
(p  =  0.002) and sequential organ failure assessment 
score, which was higher (p < 0.001) in the hvKP group 

compared to the cKP group. There were no significant 
differences in length of hospital stay, length of ICU stay, 
duration of mechanical ventilation, duration of antibi-
otic use or liver and kidney function between the two 
groups (all p > 0.05).

Underlying diseases in the 
study population

The underlying diseases were diabetes in 96 cases (46.5%), 
hypertension in 74 (37.7%), chronic liver disease in 35 
(16.7%), malignant tumour in 28 (16.7%), renal insuffi-
ciency in 17 (7.0%), coronary heart disease in one (4.4%) 
and immunosuppression in six (4.4%). There was no sig-
nificant difference in the underlying disease between the 
two patient groups (Table  2). Among them, 33 (14.5%) 
patients had ≥3 underlying diseases, 43 (18.9%) patients 
used ≥2 antibiotic drugs, the targeted medication and em-
pirical drug use were consistent in 182 (81%) patients and 
79 (35.2%) patients used antibiotics for ≥2 weeks. The top 
five antibiotic drugs used were cefoperazone/sulbactam, 
tazocin, imipenem, meropenem and ceftazidime.

Source of the bacterial strains

The sources of hvKP and cKP infections are shown in 
Table 3. There were similar numbers of hospital-acquired 
infections in the hvKP and cKP groups (28 [24.6%] vs. 18 
[16.2%], p = 0.138). Regarding primary infection, the rate 
of lung infection was higher in the hvKP group than in the 
cKP group (48 [42.1%] vs. 31 [27.9%], p = 0.018), whereas 
the rate of liver infection was lower in the hvKP group 
(79 [69.3%] vs. 90 [81.1%], p = 0.046). The sources of sec-
ondary infection were similar between the two groups (all 
p > 0.05).

Patient outcomes

The occurrence of septic shock caused by severe infec-
tion attributed to KP was significantly higher in the hvKP 
group than in the cKP group (19 [16.7%] vs. 9 [8.1%], 
p  =  0.040) (Table  1). The 28-day mortality rate in the 
patients was similar between the hvKP and cKP groups 
(86.0% vs. 93.7%, p = 0.199) (Figure 1).

Factors related to hvKP infection

Table  4 shows the Cox proportional hazards model 
analysis to identify factors related to hvKP infection. 
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Hospital-acquired infection (hazard ratio [HR]  =  4.245, 
95% confidence interval [CI]: 1.407–12.812, p = 0.010) and 
renal insufficiency (HR  =  4.017, 95% CI: 1.072–15.059, 
p = 0.039) were risk factors for clinical infection with hvKP.

DISCUSSION

This study aimed to analyse the clinical characteristics 
of critically ill patients infected with KP in our hospital 

T A B L E  1   Baseline demographical and clinical data of patients in the two groups

Variates hvKP group (n = 114) cKP group (n = 111) p

Sex (male) 74 (64.9%) 66 (59.5%) 0.413

Age (years) 63 (55, 73) 66 (53, 72) 0.294

White blood cell (*109/L) 11.9 (8.8, 15.9) 12.6 (11.0, 16.6) 0.27

Percentage of neutrophil (%) 85 (79, 90) 84 (78, 88) 0.291

Platelet (*109/L) 226 (129, 311) 194 (142, 295) 0.465

Albumin (g/L) 28 (18, 32) 30 (26, 33) 0.003

Total bilirubin (μmol/L) 23 (12, 31) 22 (13, 33) 0.396

Serum creatinine (μmol/L) 44 (33, 67) 48 (36, 65) 0.859

PCT (ng/ml) 17 (3, 38) 5 (1, 20) 0.002

CRP (mg/L) 126 (46, 174) 120 (43, 200) 0.423

Troponin I (ng/ml) 0.1 (0.1, 0.3) 0.1 (0.1, 0.6) 0.524

NT-proBNP (Pg/ml) 464 (232, 868) 288 (223, 810) 0.112

APACHE II (points) 6 (5, 9) 7 (5, 8) 0.226

SOFA (points) 3 (2, 5) 2 (1, 3) <0.001

NUTRIC (points) 2 (1, 2) 2 (1, 2) 0.378

Total length of hospital stay (d) 21 (12, 31) 21 (14, 28) 0.227

Length of ICU stay (d) 15 (8, 17) 18 (10, 18) 0.386

Duration of mechanical ventilation (h) 12 (8, 10) 13 (11, 15) 0.462

Time using antibiotics (d) 13 (7, 16) 14 (9, 18) 0.333

Hospital infection 28 (60.9%) 18 (39.1%) 0.138

Targeted single drug anti-infection 60 (52.6%) 9 (8.1%) <0.001

Combined with sepsis 34 (29.8%) 43 (38.7%) 0.164

Combined with septic shock 19 (16.7%) 9 (8.1%) 0.04

28-day survival 98 (86.0%) 104 (93.7%) 0.077

Notes: The length of ICU stay, duration of mechanical ventilation and troponin were normally distributed. However, the standard deviation was greater than 
the mean value; hence, a nonparametric test was used.
Abbreviations: APACHE, Acute Physiology, Age, Chronic Health Evaluation; cKP, classic Klebsiella pneumoniae PCT = procalcitonin; CRP, C-reactive protein; 
hvKP, hypervirulent Klebsiella pneumoniae; ICU, intensive care unit; NT-proBNP, N-terminal pro-brain natriuretic peptide; NUTRIC, Nutrition Risk in the 
Critically Ill; SOFA, sequential organ failure assessment.

T A B L E  2   The underlying diseases in the two groups of patients infected with Klebsiella pneumoniae

Variates hvKP group (n = 114) cKP group (n = 111) p

Diabetes 53 (46.5%) 43 (38.7%) 0.281

Hypertension 43 (37.7%) 31 (27.9%) 0.122

Chronic liver disease 19 (16.7%) 16 (14.4%) 0.714

Malignant tumour 19 (16.7%) 9 (8.1%) 0.068

Malnutrition status 12 (10.5%) 9 (8.1%) 0.648

Renal insufficiency 8 (7.0%) 9 (8.1%) 0.805

Coronary heart disease 5 (4.4%) 5 (4.5%) >0.99

Immunosuppressive diseases 5 (4.4%) 1 (0.9%) 0.213

Abbreviations: cKP, classic Klebsiella pneumoniae; hvKP, hypervirulent Klebsiella pneumoniae.
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and identify factors related to hvKP infection. Of the 225 
patients, 50.7% had hvKP infection. Most outcomes were 
similar in patients with hvKP and cKP infections, includ-
ing the length of hospital stay, length of ICU stay, dura-
tion of mechanical ventilation and 28-day survival rate.

However, more patients had a septic shock in the hvKP 
group than in the cKP group. Results of Cox multivariate 
analysis indicated that hospital-acquired infection and 
renal insufficiency were risk factors for bacterial clinical 
infection with hvKP.

An epidemiological cross-sectional survey of KP in-
fection in 10 Chinese cities led by the Peking University 

in 2013 showed that hvKP accounted for 37.8% of all KP 
infections, and the detection rate showed regional dif-
ferences fluctuating between 8.33% (Zhejiang) to 73.91% 
(Wuhan) (Zhang et al., 2016). None of the cities included 
were from Fujian province, the location of our study. The 
results of this study showed that hvKP accounted for 
50.7% of the KP infections in patients with serious infec-
tions, within the range presented above. Therefore, the re-
sults of this study support the view that the prevalence of 
hvKP is high in China (Zhang et al., 2016).

Risk factors for hvKP identified in this study were 
hospital-acquired infection and renal insufficiency. These 
seem to be specific to this population since other studies 
have found different risk factors, most commonly diabetes 
and sometimes cancer (Zhang et al., 2016). A retrospec-
tive study from Taiwan, China, found that 70%–78% of 
KLA patients had diabetes or impaired fasting glucose. 
The statistics showed that this was a major risk factor for 
KLA (Wang et al.,  1998; Yang et al.,  2004). Other stud-
ies have also found a relationship between diabetes and 
hvKP infection (Guo et al., 2017; Liu & Guo, 2019; Zhang 
et al., 2016). This study found that 46.9% of hvKP-infected 
patients had diabetes but did not find diabetes to be a risk 
factor for hvKP infection. However, one study suggested 
that diabetes was directly related to the invasiveness of KP 
(Lee et al., 2016). It suggested that the mechanism is re-
lated to high glucose levels, which may stimulate capsular 
polysaccharide biosynthesis and gene expression of hvKP 
to increase resistance to phagocytosis and contribute to 
the development of invasive syndrome (Lee et al., 2016). 
Why diabetes was not a risk factor for hvKP in this study 

T A B L E  3   Source of the bacterial strains in the hvKP and cKP groups

Variates hvKP group (n = 114) cKP group (n = 111) p

Hospital infection 28 (24.6%) 18 (16.2%) 0.138

Primary infection

Liver 79 (69.3%) 90 (81.1%) 0.046

Lung 48 (42.1%) 31 (27.9%) 0.018

Bone and soft tissue 4 (3.5%) 2 (1.8%) 0.683

Unitary system 5 (4.4%) 5 (4.5%) 1

Gastrointestinal tract 2 (1.8%) 3 (2.7%) 0.681

Blood 0 (0%) 3 (2.7%) 0.118

Secondary infection

Lung 11 (9.6%) 5 (4.5%) 0.107

Unitary system 4 (3.5%) 2 (1.8%) 0.683

Brain 4 (3.5%) 2 (1.8%) 0.683

Blood 3 (2.6%) 1 (0.9%) 0.622

Liver 1 (0.9%) 2 (1.8%) 0.618

Gastrointestinal tract 0 (0%) 1 (0.9%) 0.493

Abbreviations: cKP, classic Klebsiella pneumoniae; hvKP, hypervirulent Klebsiella pneumoniae.

F I G U R E  1   Comparison of survival rates between the hvKP 
and cKP groups The 28-day mortality rate was similar between 
the hvKP and cKP groups (86.0% vs. 93.7%, p = 0.199). hvKP, 
hypervirulent Klebsiella pneumoniae; cKP, classic Klebsiella 
pneumoniae
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and whether it is a direct risk factor for KLA requires fur-
ther study.

This study showed no differences in the length of 
hospital stay, length of ICU stay, duration of mechanical 
ventilation, duration of antibiotic use and 28-day survival 
rate between patients with cKP infection and those with 
hvKP infection. However, there was a higher rate of septic 
shock among hvKP patients than that reported by other 
studies (Liu & Guo, 2018). The rate of hvKP-targeted drug 
use inconsistency and empirical drug use was 7.8%, and 
the combined use of antibiotics in targeted medication 
accounted for 17.9%. Therefore, timely, effective and ac-
curate antibiotic selection may have impacted the results 
of this study. There is an increasing concern that KP may 
be developing antibiotic resistance, making this infection 
more difficult to treat (Chung, 2016). An increasing rate 
of antibiotic resistance of KP has been identified in China, 
with cKP strains having wider resistance (Li et al., 2014). 
The results of the present study suggested a relatively 
low level of antibiotic resistance in the infections in this 
population. Although all hvKP infections were resistant 
to ampicillin, the rate was lower in cKP infections (24%). 
However, cKP infections did show some resistance to 
several other antibiotics as well; therefore, this situation 
should be monitored further.

Colonization of hvKP is probably a critical step that 
leads to infection, with the most common site of coloni-
zation being the gastrointestinal tract; however, it is also 
found in the oropharynx and skin of healthy carriers 
(Shon et al.,  2013). Studies have shown that KP strains 
isolated from liver abscesses and the intestine of healthy 
carriers had the same pulse gel electrophoresis band, the 

same virulence-related genes and a similar median lethal 
dose (Fung et al., 2012). A mouse model of hvKP infec-
tion demonstrated that hvKP could cross the intestinal 
mucosal barrier leading to liver abscess (Tu et al., 2009), 
suggesting that hvKP gastrointestinal colonization is an 
important source of infection. However, the results of 
this study suggested that primary gastrointestinal infec-
tion rates were low in this population at 1.8% in the hvKP 
group and 2.7% in the cKP group.

This study has some limitations. No genetic analysis 
was performed, such as that for identifying the K type, and 
hvKP was identified using string assay. Because this was a 
retrospective study, there may have been some bias in the 
inclusion of the patients. The patients were all from one 
hospital in Fujian, China; therefore, these results cannot 
be used to represent the Chinese population.

In conclusion, the number of patients infected with 
hvKP is gradually increasing; therefore, this study pres-
ents important information on the characteristics of 
hvKP infection in a Chinese population. This report 
shows a high rate of infection with hvKP in this popu-
lation. Compared to patients with cKP infection, those 
with hvKP infection showed a higher probability of hav-
ing septic shock, although survival and length of hos-
pital stay were similar between the two groups. Risk 
factors for hvKP infection were hospital-acquired infec-
tion and renal insufficiency.
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